I. Introduction
Natural gas is a hydrocarbon mixture consisting primarily of methane CH 4 (70-90% v/v) and other hydrocarbons such as ethane, propane and butane. Non-hydrocarbon impurities such as H 2 O, CO 2 , N 2 , and H 2 S can also be found in small amounts [1] . Natural gas is the cleanest fossil fuel and can be used everywhere, from households to high-energy-demand industries [1, 2] . This is the reason natural gas pipeline networks have been developed for the transportation of gas throughout the world. Appendix 1 shows the whole chain of natural gas production, processing, and the transmission and utilization pathways. Transportation usually involves longdistance pipeline, with the attendant danger of condensation and hydrate formation. The adverse consequences of this phenomenon include line blockage, and explosion -which may be accompanied by fire [2, 3, 4] .
Thus, accurate measurement of hydrocarbon dew points is of great importance in achieving safe and effective utilization of natural gas pipelines designed for single phase transportation [5, 6] . However, since it is not feasible, along a typical long-distance pipeline, to empirically determine segmental variations in pressure, temperature, density, viscosity, etc., we must predict these measurements by applying thermodynamic and conservation principles.
Thus, there follows a model and analysis of an existing natural gas transmission pipeline, which aims to determine properties such as pressure, temperature, density, flow velocity and in particular the dew point, occurring along different segments of the pipeline, so as to compare with normal pipeline conditions in order to identify the segments most susceptible to condensation/hydrate formation, so that cost effective and efficient preventive/remedial actions can be taken.
II. Modeling
For a gas stream at a given pressure, the dew point is the temperature that marks the onset of condensation. Thermodynamically, it is the temperature that satisfies the following relation:
(1) Thus for a gas mixture with composition Z i , for each component, K i is the equilibrium constant. The use of equilibrium constant K values in phase equilibrium analysis, including dew point determination, has been documented extensively. Thermodynamically, it is found from the equilibrium relationship: Table 1 below:
In this case, several mixing rules have been employed to depict the parameters a and b of a cubic EoS for mixtures. The traditional Van der Waals one-fluid mixing rules stipulate the parameters of a mixture through the following expressions:
where z i and z j represent the mole fractions of components i and j in the mixture and kij is the binary interaction parameter -usually recovered by using the experimental data. For natural gas mixtures, kij=0. As the traditional van der Waals mixing rules fail to model the excess Gibbs energy over a wide range of pressures, further improvements in the mixing rules are required. The following rules account for this:
Mixing Rules of Huron and Vidal (HV) 
In the above relations GE is the excess Gibbs energy; Co and Ao are EOS-dependent parameters. For the PRSV EoS, their values are -0.62323 and -0.64663 respectively. λ is an adjustable parameter that determines the relative importance of the combined rules. Suggested values are 0.36 for the original UNIFAC for low pressure systems, and values in the range from 0.65 to 0.75 for the modified UNIFAC for high pressure systems; b is the same in the above mixing rules as in the van der Waals mixing rule.
In the past, gas pipeline networks were designed based on simple formulas such as Weymouth and Panhandle [10, 11] , but in recent years, the use of engineering softwares such as PRO II and HYSYS has increased. In general, for the prediction of flow rate, pressure and temperature variation of gas along pipelines, three equations of mass, momentum and energy balance are solved simultaneously. These equations for a pipeline with angle θ from horizontal are as follows [8] .
Mass balance equation (11) Momentum balance equation (12) Energy balance equation (13) In the above equations, the density of the real gas can be estimated as follows:
III. Simulation
A range of numerical methods, such as explicit and implicit finite difference, the method of characteristics and the method of lines can be used to solve the equations above. At steady state these partial differential equations are converted to ordinary differential equations, and an initial value method such as Euler or Runge-Kutta can be used for the calculation of pressure and temperature along the pipeline. In HYSYS software, the explicit finite difference method is used for dynamic gas pipeline calculations, while the Euler method is used for steady state gas pipeline calculations. Thus, using the PRO II and HYSYS software, alongHowever, in the simulation results (Table 2 above), the pressure variation (max 147.5; min 147.07; range 0.43) is minimal compared to the temperature variation (max 60; min 16.09; range 43.91) which is very pronounced. This analysis shows that high pressure and low temperature favor condensation/ hydrate formation.
V. Conclusion
The above natural gas pipeline analysis can be used as a guide for forecasting condensation/gas-hydrate forming conditions and susceptible locations in long-distance pipelines, with and without inhibitors, and to design remediation and/or prevention schemes such as:  Increasing the operating temperature, by insulating the pipelines or applying heat;  Decreasing the operating pressure when possible;  Adding a required amount of appropriate inhibitor to reduce the dew point/ hydrate-formation temperature and/or increase the hydrate-formation pressure.
For effective results and cost optimization in the case of this specific pipeline, these preventive/remedial actions should be implemented at the midpoint of the pipeline and onward, since this is the point at which gas temperature is close to dew point temperature, signaling the highest likelihood of condensation/hydrate formation.
